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(67)  Provided is an LTE cellular mobile network ac-
cess system. The system comprises an SIM card inter-
facing device, a mobile terminal, and an NRS server ac-
cessing a domestic cellular mobile network. The SIM card
interfacing device is configured to install an SIM card and
further forward via the mobile terminal authentication in-
formation of the SIM card to the NRS server. The mobile
terminal communicates with the NRS server via the In-

ternet and is configured to register on the NRS server
and transmit signaling data and voice data. The NRS
server establishes a standard S1 connection with the do-
mestic cellular mobile network and transmits the signal-
ing data and the voice data to the domestic cellular mobile
network. The present invention needs no international
roaming charges and has a simple and convenient proc-
ess and high stability and security.
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Description

[0001] This application claims the priority to Chinese
Patent Application No. 201510160062.3, titled "LTE
CELLULAR MOBILE NETWORK ACCESS SYSTEM
AND CORRESPONDING COMMUNICATION METH-
OD", filed with the Chinese State Intellectual Property
Office on April 7, 2015, which is incorporated herein by
reference in its entirety.

FIELD

[0002] The disclosure relates to the technical field of
mobile communications, and particularly to an LTE cel-
lular mobile network access system and a corresponding
communication method.

BACKGROUND

[0003] Currently,if people wantto use their cell phones
abroad, they generally need to activate a roaming service
to enjoy an offshore voice communication service. In this
case, an additional roaming fee is charged when the cell
phone is used abroad.

[0004] In fact, the offshore communication service can
be implemented by the VolP technology, in which an an-
alog signal (voice) is digitalized and transmitted over an
IP network in real time in the form of data packet. How-
ever, this VolP technology has the following problems:
1) when a cell phone user is in abroad and calls back to
his/her domestic country using this technology, the tele-
phone number of the calling party will not be displayed
accurately on the called party side, thus causing confu-
sion in identifying the calling party identity, thereby pro-
ducing unnecessary difficulties in the communication be-
tween the both parties; 2) it may be possible that a user
in abroad cannot be contacted by dialing the commonly-
used number directly; and 3) short messages cannot be
sent and received through the current VolP technical so-
lution.

[0005] Furthermore, in a case of a weak wireless sig-
nal, unstable network coverage or a base station failure,
the cell phone cannot access to the network, which af-
fects the normal communication of the user.

SUMMARY

[0006] It is an object of the present disclosure to pro-
vide an LTE cellular mobile network access system and
a corresponding communication method, with which a
cell phone can perform offshore wireless communication
without incurring extra roaming fees.

[0007] In order to achieve the above object, an LTE
cellular mobile network access system is provided ac-
cording to the present disclosure, which includes: a SIM
card interface device, a mobile terminal and a NRS ac-
cessing to a domestic cellular mobile network, where the
SIM card interface device is configured to hold a SIM
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card and forward authentication information of the SIM
card to the NRS via the mobile terminal; the mobile ter-
minal is in communication with the NRS via the Internet
and is configured to register on the NRS and transmit
signaling data and voice data to the NRS; and the NRS
is configured to establish a standard S1 connection with
the domestic cellular mobile network and transmit the
signaling data and the voice data to the domestic cellular
mobile network.

[0008] The SIM card interface device may include a
Bluetooth device, a film-mounted SIM card, a card reader
or a device with an IP network function.

[0009] The SIM card interface device may be replaced
by a SIM card hosting device.

[0010] The mobile terminal may include: a cell phone,
a tablet computer, a desktop computer, or a laptop com-
puter, or a corresponding App.

[0011] The NRS is connected with a database.
[0012] An LTE cellular mobile network access system
communication method for the above LTE cellular mobile
network access system is provided according to the
present disclosure, which includes:

step 1) accessing, by the mobile terminal, to the do-
mestic cellular mobile network via the NRS, wherein
the mobile terminal communicates with the SIM card
via the SIM card interface device, and the SIM card
assists the mobile terminal to perform an authenti-
cation process for accessing to the domestic cellular
mobile network;

step 2) reading, by the mobile terminal, SIM card
information to perform registration onto the NRS, and
establishing, by the mobile terminal, an IP data chan-
nel between the NRS and the mobile terminal for
transmitting the signaling data and the voice data;

step 3) accepting, by the NRS, the registration, es-
tablishing, by the NRS, the standard S1 connection
between the SIM card and the domestic cellular mo-
bile network, and transmitting, by the NRS, registra-
tion signaling to the domestic cellular mobile network
to register the SIM card on a core network of an op-
erator;

step 4) storing, by the NRS, information of the mobile
terminal and the SIM card information, and simulat-
ing, by the NRS, a state and signaling of the mobile
terminal to control transmission of a short message;

step 5) performing, by the NRS, an authentication
process with the domestic cellular mobile network
based on the authentication information of the SIM
card forwarded by the SIM card interface device,
wherein on reception of an authentication request
from the domestic cellular mobile network, the NRS
performs the authentication process by accessing
the SIM card via the mobile terminal, a result of the
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authentication is fed back to the NRS, and the NRS
transmits the result of the authentication to the do-
mestic cellular mobile network;

step 6) accessing, by the mobile terminal, to the do-
mestic cellular mobile network via the NRS, to com-
municate with a peer communication device by
means of a call or a short message.

[0013] In the step 6), a process of the mobile terminal
initiating a call may include:

sending, by the mobile terminal, a call request to the
NRS;

establishing, by the NRS, a connection to the do-
mestic cellular mobile network via the standard S1
interface for performing a call process; and

establishing, by the mobile terminal, a connection
for a call with the peer communication device in the
domestic cellular mobile network via the NRS, to
transmit a voice stream.

[0014] In the step 6), a process of the mobile terminal
receiving a call may include:

establishing, by the peer communication device, a
connection to the NRS via the domestic cellular mo-
bile network using the standard S1 interface, to page
a user of the SIM card; and

receiving, by the NRS, the calling request, paging
the mobile terminal through the Internet and estab-
lishing a connection for a voice call.

[0015] In the step 6), a process of the mobile terminal
sending a short message may include:

sending, by the mobile terminal, the short message
to the NRS; and

sending, by the NRS sever, the short message to
the peer communication device via the domestic cel-

lular mobile network.

[0016] In the step 6), a process of the mobile terminal
receiving a short message may include:

converting, by the NRS, the short message to an IP
message on reception of the short message trans-
mitted via the domestic cellular mobile network; and

sending the IP message to the mobile terminal.

[0017] Ascompared with the conventional technology,
the present disclosure has the following benefits:

1) in a case where the user performs communication
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abroad using a home SIM card, the user can also
enjoy the domestic communication service and tariff
via communicating abroad viaan App or IM software.

2) the user in abroad can keep both a home SIM
card and a local SIM card at standby states, and can
perform communication using any one of the two SIM
cards at his/her own selection.

BRIEF DESCRIPTION OF THE DRAWINGS
[0018]

Figure 1 is a schematic structural diagram of an LTE
cellular mobile network access system according to
an embodiment of the present disclosure;

Figure 2 is a schematic flow diagram showing a com-
munication method for an LTE cellular mobile net-
work access system according to an embodiment of
the present disclosure;

Figure 3 is a schematic diagram showing a flow of a
NRS in an LTE cellular mobile network access sys-
tem performing a voice call service according to an
embodiment of the present disclosure;

Figure 4 is a schematic diagram showing a flow of a
NRS in an LTE cellular mobile network access sys-
tem performing a short message service according
to an embodiment of the present disclosure; and

Figure 5 is a schematic diagram showing an S1 in-
terface protocol stack architecture of an LTE cellular
mobile network access system according to an em-
bodiment of the present disclosure.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0019] Embodiments of the present disclosure are de-
scribed with reference to the drawings in the following.
Elements and features described in one of the drawings
or one embodiment of the present disclosure may be
combined with elements and features as shown in one
or more other drawings or embodiments. It should be
noted that, for the purpose of clarity, indication and de-
scription of components and processing irrelevant to the
present disclosure and known by those skilled in the art
are omitted in the drawings and the description.

[0020] Thetechnical solutionis further described here-
inafter in conjunction with the drawings.

[0021] Figure 1 illustrates an LTE cellular mobile net-
work access system according to an embodiment, which
includes: a SIM card interface device (not shownin Figure
1), a mobile terminal (shown as a cell phone and an App
application of the cell phone, or a computer and an IM
software of the computer in Figure 1), and a NRS (No
Roaming Server, which is abbreviated as NRS, and may
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also be referred to as a home server) accessing to a
domestic cellular mobile network (EPC-sub-system in-
cluding a MME, a SGW and related). In Figure 1, "Hom-
ing" represents a home network, and "Visiting" repre-
sents a foreign network. The SIM card interface device
is used for holding a SIM card and is configured to forward
authentication information of the SIM card to the NRS
via the mobile terminal. The mobile terminal communi-
cates with the NRS via the Internet and is configured to
register on the NRS and transmit signaling data and voice
data to the NRS. The NRS establishes a standard S1
connection with the domestic cellular mobile network and
transmits the signaling data and the voice data to the
domestic cellular mobile network.

[0022] As a preferred embodiment, the NRS may be
connected with a database (as shown in Figure 1).
[0023] As apreferred embodiment, the SIM card inter-
face device may be a Bluetooth device (as shown in Fig-
ure 2). The SIM card is installed in the Bluetooth device,
and an APP application on the cell phone communicates
with the SIM card via the Bluetooth device. Furthermore,
the SIM card interface device may also be a film-mounted
SIM card, a card reader or a device with an IP network
function.

[0024] As apreferred embodiment, the SIM card inter-
face device may be replaced by a SIM card hosting de-
vice.

[0025] The mobile terminal described in the present
disclosure includes: a cell phone, a tablet computer, a
desktop computer, alaptop computer, or a corresponding
App.

[0026] An LTE cellular mobile network access system
communication method is provided based on the LTE
cellular mobile network access system according to the
presentdisclosure. The communication method includes
the following steps 1) to 6).

[0027] In step 1), the mobile terminal accesses to the
domestic cellular mobile network via the NRS. The mo-
bile terminal communicates with the SIM card via the SIM
card interface device. The SIM card assists the mobile
terminal to perform an authentication process for access-
ing to the domestic cellular mobile network.

[0028] In step 2), the mobile terminal reads SIM card
information to perform registration onto the NRS, and
establishes an IP data channel between the NRS and
the mobile terminal for transmitting the signaling data and
the voice data.

The App logs onto the NRS

[0029] When the App requests for logging in the NRS,
the server checks whether the App of the user is allowed
to access. If the App is allowed to access, an IP channel
is established between the App and the NRS, for trans-
mitting the signaling data and the voice data.
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The App communicates with the SIM card

[0030] The SIM card is placed inside the Bluetooth de-
vice, and the APP running on the cell phone is connected
and communicates with the Bluetooth device using the
Bluetooth technology. The Bluetooth device accesses
the SIM using a standard 7816 instruction.

[0031] The App is registered on a PLMN. The App
reads IMSI information from the SIM card via the Blue-
tooth device, and sends a PLMN (Public Land Mobile
Network) registration request to the NRS. The NRS rep-
licates the information as a mobile communication stand-
ard S1 interface signaling message, and sends the reg-
istration request back to the EPC (the PLMN). During the
registration, the EPC network requests the App to per-
form authentication. The App performs authentication by
accessing the SIM card, and feeds an authentication re-
sult back to the NRS, which feeds the authentication re-
sult back to the EPC. If the authentication is successful,
the App is allowed to access to the PLMN.

[0032] Instep 3),the NRS accepts the registration, es-
tablishes the standard S1 connection with the domestic
cellular mobile network for the SIM card and transmits
registration signaling to the domestic cellular mobile net-
work, to complete the registration of the SIM card on a
core network of this mobile network operator.

[0033] The NRS includes a standard S1 interface pro-
tocol stack, as well as a NAS module and a SIP module,
and performs signaling interaction using standard mobile
communication interface messages. A speech format of
the NRS is the AMR format, which is identical to that in
the existing mobile communication network.

[0034] Aninterface between the NRS and the EPC (in-
cluding an MME and a SGW) is referred to as an S1
interface. Signaling interaction on the S1 interface during
a standard PLMN registration includes:

NRS-->MME: Initial UE Message (attach request)

MME--> NRS: authentication request (authentica-
tion request)

1) NRS -->App: authentication request message
forward

2) App--> NRS: the App sends the authentica-
tion request message to the SIM card, the SIM
card performs reverse authentication, and cal-
culates a "xres" key, which is returned to the app
and transmitted by the app to the NRS

NRS-->MME: authentication response (authentica-
tion response)

MME--> NRS: security mode command (encryption
negotiation)

NRS-->MME: security mode complete (encryption
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confirmation)

MME--> NRS: initial Context Setup Request (attach
accept)

NRS-->MME: UE Capability info Indication (UE ca-
pability)

NRS-->MME: initial Context Setup Response (at-
tach complete)

where " -->" represents a signaling flow direction.

[0035] In step 4), the NRS stores information of the
mobile terminal and the SIM card, and simulates a status
and signaling of the mobile terminal to control transmis-
sion behavior of a short message.

[0036] Taking a common cell phone as an example,
any registration process, call process and short messag-
ing process flow performed via the S1 interface compiles
with the standard signaling and voice interaction. The
NRS supports these signaling messages to perform the
standard signaling and voice interactions with the EPC.
For example, during voice processing, once the NRS
module receives AMR voice data from the App, it trans-
mits the AMR voice data to the SGW; Vice versa, the
NRS module receives the voice data from the SGW, and
transmits the voice data to the App to playback.

[0037] In step 5), the NRS performs an authentication
process with the domestic cellular mobile network based
on the authentication information from the SIM card for-
warded by the SIM card interface device. On reception
of an authentication request from the domestic cellular
mobile network, the NRS performs the authentication
process by accessing the SIM card via the mobile termi-
nal, and returns a authentication result to the NRS, and
the NRS transmits this authentication result to the do-
mestic cellular mobile network.

[0038] In step 6), the mobile terminal accesses to the
domestic cellular mobile network via the NRS, to com-
municate with a peer communication device by means
of a call or a short message.

[0039] The call process and the short message proc-
ess to the cellular mobile network in an OTT manner are
described as follows.

[0040] The process of the App originated voice call is
as follows.
[0041] The App sends a call setup request to the NRS.

The NRS establish a connection to the domestic cellular
mobile network via the standard S1 interface and start
up a call origination process, the App establishes a con-
nection for a call with the peer communication device in
the domestic cellular mobile network via the NRS, for
transmitting a voice stream.

[0042] The process of the App terminated voice call is
as follows.

[0043] The peer communication device establishes a
connection to the NRS via the domestic cellular mobile
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network using the standard S1 interface to page a user
of the SIM card. The NRS receives the calling request,
and pages the APP through internet to establish a con-
nection for a voice call.

[0044] The process of the APP originated SMS is as
follows.
[0045] The App sends the short message to the NRS.

The NRS server sends the short message to the peer
communication device via the domestic cellular mobile
network.
[0046]
follows.
[0047] On reception of the short message transmitted
via the domestic cellular mobile network, the NRS con-
verts the short message to an IP message and sends
back to the App.

[0048] The SIM card is a key module for the cellular
mobile network to authenticate the user. The SIM card
can be accessed in multiple manners as follows.

The process of the App terminated SMS is as

a) In a first manner of accessing the SIM card, the
SIM card is installed in a Bluetooth device, and the
App establishes a connection to the Bluetooth device
using the Bluetooth technology to control the SIM
card and exchange data with the SIM card.

b) In a second manner of accessing the SIM card, a
film-mounted SIM card (without a Bluetooth module)
is attached to the SIM card. The film-mounted SIM
card can control the SIM card and exchange data
with the SIM card. The App operations the film-
mounted SIM card, such as writing a phonebook, a
short messages and the like to the film-mounted SIM
card. The film-mounted SIM card receives an agreed
instruction and operates the SIM card. In this man-
ner, the App controls the SIM card and exchanges
data with the SIM card.

c) In a third manner of accessing the SIM card, a
film-mounted SIM card (with a Bluetooth module) is
attached to the SIM card. The film-mounted SIM card
can control the SIM card and exchange data with the
SIM card. The App accesses the film-mounted SIM
card using the Bluetooth technology. The film-
mounted SIM card receives an agreed instruction
and operates the SIM card. In this manner, the App
controls the SIM card and exchanges data with the
SIM card.

d) In a fourth manner of accessing the SIM card, the
SIM card is placed in a card reader having a USB
interface or the like. The card reader is inserted into
a computer on which IM software (an instant mes-
saging software) is installed. In this way, the IM con-
trols the SIM card and exchanges data with the SIM
card via the USB card reader.

e) In a fifth manner of accessing the SIM card, the
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SIM card is placed in a simpool having an IP network
accessing module (a wireless wifi module or a stand-
ard network interface). The simpool can access and
controlthe SIM card. The NRS accesses the simpool
directly and acquires the authentication data without
transmission by the App or the IM. The authentica-
tion process is performed through the communica-
tion between the NRS and the simpool, and thus the
cell phone no longer needs the Bluetooth device or
other peripheral products.

[0049] The application terminal accessing to the NRS
may be implemented in multiple manners as follows.

a) In a first manner, the application terminal may be
in the form of an App. For example, specialized App
software is installed on a smart phone or a pad, by
which to access the NRS.

b) In a second manner, the application terminal may
be in the form of IM. For example, specialized IM
software is installed on a PC computer, by which to
access the NRS.

[0050] It should be noted that the solution described in
the present disclosure satisfies the following pre-requi-
sites:

1. A specialized App is installed on the cell phone of
the user.

1.1. The App is capable of communicating with
the SIM card (via the Bluetooth device or the
like).

1.2. The App is capable of accessing to an IP
communication network through either 3G, LTE,
or WiFi channels.

1.3. The App is connected with the NRS and
accesses to the domestic cellular mobile net-
work through the OTT technology.

[0051] Alternatively, the solution described in the
present disclosure satisfies the following pre-requisites:

2.aNR solution function is implanted in the operation
system of the cell phone.

2.1. the cell phone is capable of accessing to
the IP communication network through either a
3G, LTE, or WiFi channels.

2.2. The cell phone directly accesses the SIM
card to be hosted.

2.3. The cell phone is connected with the NRS
and accesses to the domestic cellular mobile

10

15

20

30

35

40

45

50

55

network through the OTT technology.

[0052] Although the technical solution and the advan-
tages thereof are described in detail, it should be under-
stood that various changes, substitutions and alterations
can be made without departing from the spirit and scope
of the present disclosure as defined by the following
claims. Moreover, the scope of the present disclosure is
not intended to be limited to the particular embodiments
of the process, device, means, methods and steps de-
scribed in the specification. Those skilled in the art will
readily appreciate from the present disclosure that proc-
esses, device, means, methods, or steps, presently ex-
isting or later to be developed that perform substantially
the same function or achieve substantially the same re-
sult as the corresponding embodiments described herein
may be utilized according to the present disclosure.
Therefore, the appended claims are intended to include
within their scope such processes, means, methods, or
steps.

Claims

1. AnLTE cellular mobile network access system, com-
prising:

a SIM card interface device,

a mobile terminal, and

a NRS accessing to a domestic cellular mobile
network, wherein

the SIM card interface device is configured to
hold a SIM card and forward authentication in-
formation of the SIM card to the NRS via the
mobile terminal;

the mobile terminal is in communication with the
NRS via the Internetand is configured to register
on the NRS and transmit signaling data and
voice data to the NRS; and

the NRS is configured to establish a standard
S1 connection with the domestic cellular mobile
network and transmit the signaling data and the
voice data to the domestic cellular mobile net-
work.

2. The LTE cellular mobile network access system ac-
cording to claim 1, wherein the SIM card interface
device comprises a Bluetooth device, a film-mount-
ed SIM card, a card reader or a device with an IP
network function.

3. The LTE cellular mobile network access system ac-
cording to claim 1, wherein the SIM card interface
device is a SIM card hosting device.

4. The LTE cellular mobile network access system ac-
cording to claim 1, wherein the mobile terminal com-
prises: a cell phone, a tablet computer, a desktop
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computer, or a laptop computer, or a corresponding
App.

The LTE cellular mobile network access system ac-
cording to claim 1, wherein the NRS is connected
with a database.

An LTE cellular mobile network access system com-
munication method for the LTE cellular mobile net-
work access system according to any one of claims
1 to 5, comprising:

step 1) accessing, by the mobile terminal, to the
domestic cellular mobile network via the NRS,
wherein the mobile terminal communicates with
the SIM card via the SIM card interface device,
and the SIM card assists the mobile terminal to
perform an authentication process for accessing
to the domestic cellular mobile network;

step 2) reading, by the mobile terminal, SIM card
information to perform registration onto the
NRS, and establishing, by the mobile terminal,
an IP data channel between the NRS and the
mobile terminal for transmitting the signaling da-
ta and the voice data;

step 3) accepting, by the NRS, the registration,
establishing, by the NRS, the standard S1 con-
nection with the domestic cellular mobile net-
work for the SIM card, and transmitting, by the
NRS, registration signaling to the domestic cel-
lular mobile network to register the SIM card on
a core network of an operator;

step 4) storing, by the NRS, information of the
mobile terminal and the SIM card information,
and simulating, by the NRS, a state and signal-
ing of the mobile terminal to control transmission
of a short message;

step 5) performing, by the NRS, an authentica-
tion process with the domestic cellular mobile
network based on the authentication information
of the SIM card forwarded by the SIM card in-
terface device, wherein on reception of an au-
thentication request from the domestic cellular
mobile network, the NRS performs the authen-
tication process by accessing the SIM card via
the mobile terminal, a result of the authentication
is fed back to the NRS, and the NRS transmits
the result of the authentication to the domestic
cellular mobile network; and

step 6) accessing, by the mobile terminal, to the
domestic cellular mobile network via the NRS,
to communicate with a peer communication de-
vice by means of a call or a short message.

The LTE cellular mobile network access system
communication method according to claim 6, where-
in in the step 6), a process of the mobile terminal
initiating a call comprises:
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10.

sending, by the mobile terminal, a call request
to the NRS;

establishing, by the NRS, a connection to the
domestic cellular mobile network via the stand-
ard S1 interface for performing a call process;
and

establishing, by the mobile terminal, a connec-
tion for a call with the peer communication de-
vice in the domestic cellular mobile network via
the NRS, to transmit a voice stream.

The LTE cellular mobile network access system
communication method according to claim 6, where-
in in the step 6), a process of the mobile terminal
receiving a call comprises:

establishing, by the peer communication device,
a connection to the NRS via the domestic cellu-
lar mobile network using the standard S1 inter-
face, to page a user of the SIM card; and

receiving, by the NRS, the calling request, pag-
ing the mobile terminal through the Internet and
establishing a connection for a voice call.

The LTE cellular mobile network access system
communication method according to claim 6, where-
in in the step 6), a process of the mobile terminal
sending a short message comprises:

sending, by the mobile terminal, the short mes-
sage to the NRS; and

sending, by the NRS sever, the short message
to the peer communication device via the do-
mestic cellular mobile network.

The LTE cellular mobile network access system
communication method according to claim 6, where-
in in the step 6), a process of the mobile terminal
receiving a short message comprises:

converting, by the NRS, the short message to
an IP message on reception of the short mes-
sage transmitted via the domestic cellular mo-
bile network; and

sending the IP message to the mobile terminal.
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